γ-jet production is considered one of the best probes of the hot quark-gluon plasma in high-energy heavy-ion collisions since the direct γ can be used to gauge the initial energy and momentum of the associated jet. This is investigated within the Linear Boltzmann Transport (LBT) model for jet propagation and jet-induced medium excitation. With both parton energy loss and medium response from jet-medium interaction included, LBT can describe experimental data well on γ-jet correlation in Pb+Pb collisions at the Large Hadron Collider. Multiple jets associated with direct γ production are found to contribute significantly to γ-jet correlation at small p jet T < p γ T and large azimuthal angle relative to the opposite direction of γ. Jet medium interaction not only suppresses the leading jet at large p jet T but also sub-leading jets at large azimuthal angle. This effectively leads to the narrowing of γ-jet correlation in azimuthal angle instead of broadening due to jet-medium interaction. The γ-jet profile on the other hand will be broadened due to jet-medium interaction and jet-induced medium response. Energy flow measurements relative to the direct photon is illustrated to reflect well the broadening and jet-induced medium response.
I. INTRODUCTION
Parton energy loss during jet propagation in dense medium can lead to suppression of the single inclusive hadron spectra at large transverse momentum [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , large transverse momentum γ-hadron [11] [12] [13] [14] [15] [16] and dihadron correlations [17, 18] in high-energy heavy-ion collisions. Phenomenological study of experimental data on these observables at the Relativistic Heavy-ion Collider (RHIC) and the Large Hadron Collider (LHC) have provided important constraints on the jet transport coefficient in high-energy heavy-ion collisions [19] . Production and suppression of fully reconstructed single jets, di-jets and γ-jets have also been studied in heavy-ion collisions [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] and they can provide additional constraints on the jet-medium interaction and jet transport coefficient.
The jet transport coefficientq is related to the gluon distribution density [34] of the medium at the scale of averaged transverse momentum transfer between the propagating jet and thermal medium partons. It can be defined alternatively as the average transverse momentum broadening squared of a propagating parton per unit length. One can therefore in principle measure jet transport coefficient directly through di-hadrdon, γ-hadron, di-jet or γ-jet correlation in azimuthal angle [35, 36] . Though the Sudakov form factor from initial state radiation dominates the azimuthal angle correlation of di-jets and γ-jets with large transverse momentum, especially at LHC [37, 38] , it has been proposed that the large angle correlation could be influenced by large angle scattering between jet shower and medium partons that can provide insight into the emergence of strongly interacting fluid from an asymptotically weakly interaction theory [39] .
In this paper, we will study γ-jet correlation within the framework of Linear Boltzmann Transport (LBT) Monte Carlo model [40] [41] [42] [43] [44] for jet production and propagation in heavy-ion collisions. We will in particular focus on the effect of multiple jet production and suppression in the γ-jet correlation. Multiple jets are produced from the large angle radiative processes in the initial hard processes and their effects have been studied in jet quenching and multiple hadron correlation [45] [46] [47] . The fractional contributions from multiple jets to γ-jet correlation are on the average in the order of the strong coupling constant α s . However, their contributions can become significant and even dominant in the region of large momentum imbalance p jet T < p γ T and large azimuthal angle difference |φ γ − φ jet − π|. Energy loss and suppression of these subleading jets can lead to medium modification of the γ-jet correlation in these kinematic regions in addition to the modification caused by energy loss and suppression of the leading jet in γ-jet events.
When jet partons propagate through the quark-gluon plasma, jet-medium interactions will lead to the reduction of the final jet energy. In addition, jet-medium interaction will also lead to the medium excitation and redistribution of the lost energy lost inside and outside the jet cone because of the further propagation of recoil partons. These recoil partons from jet-medium interaction are very important and should be taken into account in the final jet reconstruction [40] [41] [42] [48] [49] [50] [51] [52] [53] . Significant modifications of the jet structure have been found in recent experimental data on single inclusive jets in Pb+Pb collisions at the LHC [54] [55] [56] that provides strong evidence for jet-induced medium excitation and the redistribution of energy and momentum inside and outside the jet cone. Recent data on the γ-jet fragmentation function [57] also show strong enhancement of soft hadrons from jet-induced medium excitation inside the jet-cone as well as the suppression of leading hadrons due to parton energy loss. In this paper, we will use LBT model to study γ-jet correlation and the effects of multiple jets. We will also carry out the baseline study of γ-jet correlation as a function of p jet T and γ-jet asymmetry variable x Jγ and their modification due to jet propagation in medium and contributions from medium recoil. We will investigate contributions from multiple jets to the γ-jet correlation and provide predictions from LBT on the transverse profile of γ-jet and energy flow due to jet propagation and medium response in high-energy heavy-ion collisions at LHC.
The remainder of the paper is organized as follows. After providing a brief introduction to the LBT model in Sec. II, we will show in Sec. III results from LBT on γ-jet correlation in energy asymmetry, the transverse momentum of the associated jet and contributions from multiple jets. We will also show the averaged jet energy loss responsible for the modification of the γ-jet correlation and the effect of medium recoil or jet-induced medium excitation. The γ-jet correlation in azimuthal angle is investigated in Sec. IV. Multiple jets are shown to dominate in the large angle and energy loss of the sub-leading jets leads to the suppression of γ-jet correlation at large angles. In Sec. V, we will examine the modification of γ-jet transverse profile and energy flow due to jet-medium interaction and jet-induced medium excitation. A summary and some discussions are given in Sec. VI.
II. THE LINEAR BOLTZMANN TRANSPORT MODEL
LBT model was developed to study jet propagation during the phase of quark-gluon plasma (QGP) in highenergy heavy-ion collisions with an emphasis on the jetinduced medium response in terms of the propagation of thermal recoil parton amid the evolving bulk medium as described by a relativistic hydrodynamic model. The model has been revamped recently with the implementation of the complete set of the elastic 2 → 2 scattering processes [42] . Inelastic processes of medium induced 2 → 2 + n multiple gluon radiation processes have also been implemented more consistently in the latest version of the LBT model. The LBT model is designed to describe not only parton energy loss and suppression of leading partons but also jet-induced medium excitation. It has been used to describe experimental data on suppression of single inclusive light and heavy flavor hadrons [43, 44] , single inclusive jets [60] , and γ-hadron [58] and γ-jet correlations [41] .
Parton transport for both jet shower and thermal recoil partons in the quark-gluon plasma are described by the linear Boltzmann equations,
where γ b is the color-spin degeneracy for parton b, f i = 1/(e pi·u/T ± 1) (i = b, d) are thermal parton phase-space distributions in the QGP medium with local temperature T and fluid velocity u = (1,
) are the phasespace density for jet shower partons before and after scattering and medium recoil partons. The collinear divergency in the leading-order (LO) elastic scattering amplitude |M ab→cd | 2 [61] is regulated by a factor [62] , 
is fixed and will be fitted to experimental data.
In the above linear Boltzmann transport equation, the inelastic processes include only induced gluon radiation accompanying elastic scattering in the current version of LBT. The radiative gluon spectrum is simulated according to the high-twist approach [63] [64] [65] [66] ,
where m is the mass of the propagating parton a, z and k ⊥ are the energy fraction and transverse momentum of the radiated gluon, P a (z) the splitting function,
2 ) the gluon formation time and τ i is the time of the last gluon emission. The jet transport parameter,q
is defined as the transverse momentum transfer squared per mean-free-path in the local comoving frame, where ρ b (x) is the parton density (including the degeneracy). The Debye screen mass µ D is used as an infrared cut-off for the energy of the radiated gluons. The probability of elastic and inelastic scattering in each time step are implemented together to ensure unitarity in LBT. The probability for an elastic scattering in a time step ∆τ during the propagation of parton a is
where
is the elastic scattering rate. The probability for inelastic process is
is the gluon radiation rate. The total scattering probability,
can be separated into the probability for pure elastic scattering (first term) and the probability for inelastic scattering with at least one gluon radiation (the second term). Multiple gluon radiation is simulated by a Poisson distribution with the mean N a g = ∆τ Γ inel a . The scattering channel, final flavor, energy and momentum of the final scattering partons, recoil partons and radiated gluons are sampled according to the elastic scattering amplitudes and the radiative gluon spectra, respectively. Global energy and momentum conservation is ensured in each scattering with multiple radiated gluons.
In LBT, all final partons after each scattering, including jet shower partons, recoil medium partons and radiated gluons, will go through further scattering in the medium. To account for the back reaction in the Boltzmann transport, initial thermal parton b in each scattering are tracked as "negative" partons and they also propagate in the medium according to the Boltzmann equation. These "negative" partons are part of the jetinduced medium excitation and manifest as the diffusion wake behind the propagating jet shower partons [40] [41] [42] . The energy and momentum of these "negative" partons will be subtracted from all final observables.
A hydrodynamic model is used to provide spatial and time information on the local temperature and fluid velocity of the bulk QGP medium which evolves independently of the jet propagation. In the linear approximation (δf f ), we neglect interaction among jet shower and recoil partons and consider only interaction of jet shower and recoil partons with thermal medium partons. This assumption will break down when the jet-induced medium excitation becomes appreciable relative to the local thermal parton density. To extend LBT beyond this region of applicability, a coupled LBT and hydrodynamic (CoLBT-hydro) model [58] has been developed in which jet transport is coupled to hydrodynamic evolution of the bulk medium in real time through a source term in the hydrodynamic equations from the energy and momentum deposited by propagating jet shower partons. This coupled approach assumes complete local equilibration of soft partons from LBT and most suitable for the study of hadron spectra from jet-induced medium excitation.
In the current version of LBT model, the parton recombination model [67] developed by the Texas A & M University group within the JET Collaboration is employed for hadronization of all jet shower and thermal recoil partons. The model has been employed successfully to study γ-jet modification, light and heavy flavor hadron suppression in heavy-ion collisions [41, 43, 44] . In this paper, we will only use the partonic information for jet reconstruction and study of jet profiles.
III. γ-JET ASYMMETRY
To study γ-jet correlations, we use PYTHIA 8 [68, 69] to generate the initial jet shower partons in γ-jet events in p + p collisions. We generate γ-jet events with a minimum transverse momentum transfer of the hard processes that is half of the transverse momentum of the triggered photons. These events also include bremsstrahlung photons from QCD processes. In principle, the photon bremsstrahlung processes can also be modified by the final state interaction and photons can also be produced through jet-medium interaction [70, 71] . However, for the large values of transverse momentum of photons we consider in this study, the modification is negligible as in the case of bremsstrahlung production of heavy quark pairs [72] .
The background hydrodynamic profile for the bulk QGP medium is provided by simulations from CLVisc (3+1)D viscous hydrodynamics model [73] [74] [75] with initial conditions from A Multi-Phase Transport (AMPT) model [76] . The initial energy-momentum density is normalized at the initial time τ 0 = 0.4 fm/c so that the final hadron spectra from the hydrodynamic simulations with freeze-out temperature T f = 137 MeV can reproduce experimental data on the final charged hadron rapidity and transverse momentum distributions [73, 75, 77, 78] . The centralities of heavy-ion collisions are selected according to the fractional event distribution in the initial parton multiplicity in the central rapidity region. The spatial distribution of the initial production points of γ-jets is sampled according to the initial hard parton distribution in the transverse plane as given in the same AMPT simulations. Each parton is assigned an initial formation time τ f 0 = Max(τ 0 , 2E/p 2 T ) and is allowed to interact with medium partons according to the Boltzmann transport only after this initial formation time. Transport of partons in the bulk medium is simulated until the thermal parton density vanishes after the QCD phase transition during the hydrodynamic evolution and partons freestream afterwards. We use FASTJET [79] to reconstruct jets from the final partons after parton transport within LBT. γ-jet pairs are selected within the same kinematic cuts as imposed in the experimental measurements that we will compare to. In CMS experimental data, kinetic cuts |η γ | < 1.44, |η jet | < 1.6 and |φ γ − φ jet | > (7/8)π are imposed for all asymmetry studies.
In order to compare jet measurements in Pb+Pb to p+p collisions in CMS experiment, the jet energy in p+p events is smeared with a Gaussian convolution to match the jet energy resolution in each of the Pb+Pb centrality classes in which the comparison is made. The parameters of the Gaussian smearing are centrality dependent [30] . In order to compare to the CMS experimental data, we also convolute our LBT results with the same Gaussian smearing. All LBT results in both Pb+Pb and p+p collisions are smeared with the same jet energy resolution in each centrality class of Pb+Pb collisions as in the CMS data that we compare with. In principle, one should also subtract the contribution from underlying event to the jet energy as carried out in experimental analyses which vary from one experiment to another. In the calculation of jet transverse energy in FASTJET, we assume there is a complete subtraction of the underlying event background that are not correlated to the triggered photon. The subtraction of the combinatory background from events mixed from γ-triggered and minimal biased events by CMS [30] is close to such a complete subtraction. Using the underlying event subtraction scheme as in ATLAS experiment [59] , the underlying event contribution in the LBT simulations is also small and the underlying event subtraction only reduce the energy of final reconstructed jet slightly [60] . [30] . The jet cone-size is chosen as R = 0.3 and the lower threshold of transverse momentum for reconstructed jets is p jet T > 30 GeV/c. The LBT results with a fixed value of α s = 0.19 agree reasonably well with the experimental data. We should note that this value of α s is only the effective strong coupling constant in the jet-medium interaction within the LBT model which employs the perturbative estimate of Debye screening mass as a cut-off in the transverse momentum transfer in the elastic scattering between jet-shower/recoil and medium partons. An alternative cut-off and inclusion of nonperturbative processes such as magnetic screening [5] can change the jet-medium interaction strength and lead to a larger effective value of α s .
The asymmetry distributions are the absolute yields of jets above the threshold that are associated with the triggered γ. Therefore, one observes not only the shift of the peak of the distributions toward smaller asymmetry values in Pb+Pb relative to p+p collisions due to jet energy loss but also the reduction of the total jet yields above the cut-off p The asymmetry distributions from both CMS experiment and LBT results (solid lines) shown in Fig. 1 are the absolute jet yields associated with the tagged photon. The yields include not only the leading jet but also sub-leading jets if multiple jets are produced in association with the tagged photon. These multiple jets are produced through higher-order QCD processes and are kinematically possible when p γ T is much larger than the cut-off of jet transverse momentum. We also show the LBT results for associated leading jet as dashed lines in the bottom panel of Fig. 1 which are smaller than the inclusive associated jet yields at small value of asymmetry x Jγ . The difference is mainly caused by sub-leading jets associated with the direct photon production.
To study the modification of associated jet spectra and illustrate the contribution of multiple jets, we show in Fig. 3 [30] . We also show the LBT results for associated leading jet as dashed lines which deviate from the inclusive associated jet yields at small value of p jet T . The difference between inclusive and leading jet yield is the contribution from mainly secondary jets associated with the direct photon production. As the LBT results indicate, these secondary jets are produced at lower p jet T . Because of jet energy loss in medium, the peak of the leading jet distribution is shifted to a smaller value of p jet T in Pb+Pb collisions relative to that in p+p collisions. The contribution from the secondary jets to the inclusive jet yield above the cut-off p jet T > 30 GeV/c is also suppressed in Pb+Pb collisions due to jet energy loss. In 0-30% central Pb+Pb collisions, the jet energy loss shifts the peak of the inclusive jet distribution to a smaller value of p jet T very close to the cut-off and the peak is further smeared by the contribution from the secondary jets. The peak structure of the associated leading jet distribution is much pronounced in non-central Pb+Pb collisions when p The associated jet spectra for a fixed value of p γ T shown in Fig. 3 should be a better direct measurement of the total jet energy loss through the shift of the spectra in Pb+Pb relative to p+p collisions. To illustrate this, we show in Fig. 4 the calculated average transverse momentum loss of the leading jet in γ-jet events in two centrality classes of Pb+Pb collisions at √ s = 2.76 TeV as a function of the transverse momentum of the initial leading jet before their transport and propagation in the bulk medium. The solid (dashed) lines are the transverse momentum loss for leading γ-jets that (do not) include recoil and "negative" partons from medium response in the jet reconstruction. We observe that the jet transverse momentum loss due to jet quenching increases with the initial jet transverse momentum and the dependence is slightly less than a linear increase. This transverse momentum dependence is a combined effect of energy dependence of the jet energy loss for a given jet flavor (quark or gluon) and the transverse momentum dependence of initial jet flavor composition. The initial fraction of quark jets increases with transverse momentum in the γ-jet production processes and the energy loss of a gluon jet is found to be about 1.5 times bigger than that of a quark for a jet cone-size R = 0.3 in this range of p jet T [60] . and spectra via shifting the p+p spectrum with the average transverse momentum loss in two centrality classes of Pb+Pb collisions (blue and red) at √ s = 2.76 TeV compared with the CMS experimental data [30] . The p+p spectrum is smeared according to the CMS parameters for jet energy resolution in 0-30% Pb+Pb collisions.
One can estimate the medium modification of the associated γ-jet spectra in Pb+Pb collisions by shifting the spectrum in p+p collisions with the average transverse momentum loss as calculated in LBT. The modified γ-jet spectra via shifting the p+p spectrum compare quite well with the calculated spectra within LBT and CMS data as shown in Fig. 5 for two (0-30%, 30-100%) centrality classes of Pb+Pb collisions at √ s = 2.76 TeV. The p+p spectrum used for obtained modified spectra via transverse momentum shift is smeared according to the CMS parameters for jet energy resolution in 0-30% Pb+Pb collisions. For more precision estimate of the spectra via shifting p+p jet spectra one should take into account the fluctuation in jet energy loss due to variation of the jet propagation path length. Such a method can in principle serve as a more direct extraction of jet energy loss from experimentally measured jet spectra. To further investigate the contribution of sub-leading jets in γ-jet correlation, we show in Fig. 6 the γ-jet correlation in azimuthal angle ∆φ γJ = |φ γ − φ jet | from LBT simulations and CMS experiment data for p+p and 0-30% central Pb+Pb collisions at √ s = 2.76 TeV. Note that this a distribution normalized to γ-jet pairs for p γ T > 80 GeV/c and p jet T > 30 GeV/c. The azimuthal angle correlation for leading γ-jet as plotted in dashed lines are much narrower than the inclusive γ-jet correlation and the distribution for Pb+Pb collisions is almost indistinguishable from that in p+p collisions. This is consistent with the conclusion of Refs. [37, 38] that angular correlation for large values of p γ T is dominated by the Sudakov form factor from soft initial state radiation and the effect of transverse momentum broadening due to multiple scattering in medium is negligible. The γ-jet correlation at large azimuthal angle ∆φ γJ is dominated by sub-leading jets from the next-to-leading processes of multiple jet production. Because of suppression of subleading jets due to jet energy loss, their contribution to the inclusive γ-jet correlation at large angle is also reduced. This leads to an apparent suppression of single inclusive γ-jet correlation at large angle in Pb+Pb relative to p+p collisions. The contribution of multiple jets to and their suppression in the γ-jet correlation in heavyion collisions will therefore make it difficult to use the angular correlation to study the structure of QGP through large angle scattering [39] . The contribution from multiple jets becomes more important for large values of p γ T that is significantly larger than p jet T . Shown in Fig. 7 is the average number of jets per γ-trigger for p 
V. γ-JET PROFILE AND ENERGY FLOW
To study how the energy lost by leading partons is transported through the medium, we investigate the modification of energy distribution inside the jet cone or the jet transverse profile,
defined as the distribution of summed transverse energy,
carried by the associated particles within a circular annulus with a width ∆r at radius r = (η − η jet ) 2 + (η − η jet ) 2 normalized to the total transverse energy within the jet cone r ∈ R, where η jet and φ jet are the location of the center of the jet given by FAST-JET. The definition of the jet profile can be slightly different depending on which particles are used to calculate the total transverse momentum within a circular annulus of the jet cone. We first consider the jet profile calculated from the associated partons from the list of particles within the reconstructed jet in FASTJET. We refer to this jet profile as "exclusive". Shown in Fig. 8 (upper  panel) is the "exclusive" transverse profile of γ-jets in p+p and central 0-30% Pb+Pb collisions and their ratio (lower panel) at √ s = 2.76 TeV. One can see that jetmedium interaction has transported certain amount of energy toward the outer layer of the jet cone and leads to significant enhancement of jet transverse profile at large r near the edge of jet cone. This enhancement is compensated by slight suppression of transverse energy at the very core (r < 0.03) of the jet. In Fig. 8(a) , we also plot the contribution to the jet transverse profile from jet-induced medium response (recoil and "negative partons") in Pb+Pb collisions, which becomes more signifiant toward the edge of the circular jet cone. The enhancement of the jet transverse profile in Pb+Pb over that in p+p collisions as seen in the ratio in Fig. 8(b) is caused mainly by the medium response, without which the enhancement is significantly smaller as shown in Fig. 8(b) . Jet quenching also changes the flavor composition of the final jet since gluon-initiated jets lose more energy than quark-initiated jets. This effect will lead to a larger fraction of quark-initiated jets which could narrow the jet profile since the quark jet profile is narrower than that of a gluon. This will compete with the broadening of the jet profile due to induced gluon radiation and jet-induced medium response. In another definition which is used by the CMS experiment [54] , all particles within a circular jet cone around the center of the jet are used to calculate the transverse energy profile which we refer to as "inclusive". These particles include not only those from the list of particles associated with the jet in FASTJET but also those that are not. The jet profiles in p+p (red) and central 0-30% Pb+Pb collisions (red), shown in Fig. 9(a) , are similar to the "exclusive" jet profile in Fig. 8(a) over most of the jet cone except the last couple of bins close to the edge of the cone (r = R) where the "inclusive" jet profile is higher due to additional partons not in the list of particles associated with the jet in FASTJET. Since the jet areas in FASTJET are irregular (not a perfect circle) some of the partons toward the edge of the jet area in the FASTJET fall outside of the circular cone used to calculate the jet profile in Eq. (10) . In addition, the anti-k T algorithm in FASTJET may also prefers jets with sharp edges. This is why the jet profiles in both cases fall off more rapidly toward the edge of the jet cone. The effect of these additional partons (not in the list of particles associated with the jet in FASTJET) is more prominent in p+p collisions. The enhancement of the "inclusive" jet profile at large radius in central Pb+Pb collisions due to jet-medium interaction as shown in Fig. 9(b) is slightly smaller than the "exclusive" jet profile in Fig. 8(b) . In Fig. 9 , we also show jet profiles in p+p and Pb+Pb collisions and their ratios as dashed lines that exclude partons with transverse momentum p asso T < 1 GeV. This transverse momentum cut decreases the jet profiles and the enhancement in Pb+Pb collisions slightly toward the edge of the jet cone.
To investigate in more detail how the energy is transported inside and outside the jet-cone, we also calculate the extended transverse profile of the γ-jet as shown in We use the similar method introduced by CMS for the studies of di-jets [80] . With selected γ-jets using antik T algorithm with cone size R = 0.3, we extend the radius r in the numerator of the "exclusive" jet transverse profile in Eq. (10) to r = 1 and plot contributions from partons in different range of transverse momentum. We also plot the ratio of jet transverse profile in Pb+Pb over that in p+p collisions in Fig. 11 . In the calculation of the extended jet profile, we have followed the scheme of underlying event background subtraction as used by CMS experiment [81] . In this scheme, we take a side-band over the range 1.5 < |η − η jet | < 3.0 in the event-averaged transverse energy distribution with respect to the center of the reconstructed jet as the background and subtract this φ-dependent background from the jet profile for each of the p T range.
Within the LBT model, the suppression of the transverse energy within the very core r < 0.03 inside the jet as seen in Figs. 8 and 9 is caused by the suppression of energetic partons at p T > 4 GeV/c. The enhancement of transverse energy toward the edge of the jet cone extends to the outside of the jet-cone at very large angle and are carried mostly by soft partons with p T < 3 GeV/c. In the lower panel of Fig. 10 we also plot contributions from the recoil medium partons to the γ-jet profile in Pb+Pb collisions as solid circles. We can see that the enhanced transverse energy around the edge and outside the jet- cone is carried mostly by recoil medium partons from jet-medium interaction within the LBT model calculation.
As another illustration of the transport of transverse energy lost by leading jet shower partons in the medium, we plot in Fig. 12 the energy flow,
which is defined as the sum of associated particles' momenta projected along the opposite direction of the direct photon for different range of the parton's transverse momentum in p+p and 0-30% central Pb+Pb collisions at √ s = 2.76 TeV. As we see from the LBT results, energetic partons at high p T has a very narrow azimuthal angle distribution and are suppressed in Pb+Pb relative to p+p collisions. The energy lost by these leading jet shower partons is then carried by radiated and recoil soft partons. Recoil partons from jet-induced medium excitation contribute to most of the energy excess carried by soft partons in the jet direction that has a broad az- imuthal angle distribution.
VI. SUMMARY AND DISCUSSIONS
Within the LBT Monte Carlo model for jet propagation in hot QGP medium, we have studied γ-jet produc- tion and modification in high-energy heavy-ion collisions at LHC. With a fixed effective value of the strong coupling α s within the model, we are able to describe the experimental data on γ-jet asymmetry, jet survival probability and azimuthal angle correlation well. We focused the study on the role of multiple jets in γ-jet correlations in high-energy heavy-ion collisions. Multiple jets associated with direct photon production through higher order QCD processes are found to have appreciable contributions to the inclusive γ-jet yield at low p jet T < p γ T . They are the dominant contributions at large angle in the γ-jet azimuthal correlation. Jet-medium interaction suppresses not only the leading jet but also sub-leading jets in events with multiple jets in association with direct photon production.
The suppression of sub-leading jets leads to the reduction of the inclusive γ-jet yields at lower p jet T < p γ T and also at the large azimuthal angle. This effectively narrows the γ-jet azimuthal angle correlation instead of broadening as one would have expected due to jet-medium interaction. The azimuthal angle correlation between the leading jet and the photon is almost the same in Pb+Pb and p+p collisions according to LBT results because of the dominance of the Sudakov form factor in γ-jet correlation from soft gluon radiation in large p T hard processes. This will pose a challenge for using γ-jet azimuthal correlation to study medium properties via large angle parton-medium interaction.
The transverse profile of γ-jet with fixed p γ T within the jet-cone is found to be broadened due to energy transport by the radiated gluons and recoil medium partons. These partons are relative soft compared to leading jet shower partons at the very core of the jet which is slightly suppressed due to parton energy loss. The energy carried by recoil medium partons is found to be transported to the outside of the jet-cone. They lead to the enhancement of the extended jet transverse profile both inside and outside the jet-cone. We also studied the energy flow in azimuthal angle relative to the direction of prompt photon. While the energy flow carried by large p T partons is suppressed within a narrow jet-cone, energy carried by soft partons is enhanced in the direction of the jet and the enhancement has a broad angle distribution due to jet-induced medium response.
We have not included the hadronization of jet shower and recoil partons in this study within the LBT model. The hadronization will add an uncertainty to the jet energy scale in the order of 1 GeV. It will also introduce some smearing in the jet transverse profile. The energy flow and jet profile analyses according to final particle's transverse momentum are only illustrative. One has to include the hadronization in order to provide a quantitative analysis according to final hadrons' transverse momenta.
